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eggs to be distinguished and that
obligatorily shows up on the cuticle
of the individual producing it.
Reproductive workers are trapped
because they necessarily show both
queen’s and worker’s compounds.
More generally, physiological or
genetic constraints that prevent the
uncoupling of traits involved in dual
functions may suffice to stabilize
reproductive cooperation in many
biological systems [19].
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Contributions versus the Motor
Theory
Recent studies indicate that the motor cortex is involved not only in the
production of speech, but also in its perception. These studies have sparked a
renewed interest in gesture-based theories of speech perception.relies entirely on a speech-specific
module responsible for detecting the
intended gestures of the speaker. The
speech module was suggested to be
separate from the auditory system,
with a distinct, innately specified neural
instantiation. On the basis of these
strong claims, the motor theory made
a number of controversial predictions.
First, speech and nonspeech sounds
should be perceived and categorized in
fundamentally different ways. Further,
because other species do not possess
the necessary specialized processing
mechanism, categorical perception of
speech sounds should be unique to
humans. Subsequent research,
however, has offered persuasive
evidence against these predictions:
perceptual phenomena once believed
to be speech-specific have since
been demonstrated using nonspeech
stimuli; and categorical perception of
speech sounds has been shown in
a wide range of non-human animal
species [3,4]. The evidence against
motor theory led to the development
of alternative theories of speech
perception in which phonetic
categorization is based on the
integration of information from multiple
sensory cues, without reference to
the motor commands responsible for
speech production [5,6].
The discovery of mirror neurons in
the 1990s, however, rekindled interest/d/. Instead, what all of these examples
of ‘d’ share is the fact that when they
are generated, the tongue is always
placed at the roof of the mouth. This
observation led Liberman and
colleagues [1] to suggest that the
perception and production of speech
are intimately linked, such that the
motor commands used to generate
speech sounds are directly involved
in perceptual categorization [1].
According to Liberman’s motor theory
of speech perception, the necessary
and sufficient features for recognizing
speech are not acoustic at all, but
rather are motoric — it is the
articulatory gesture that forms the
basic unit of speech perception [2].
Liberman’s motor theory went
further, however, and posited a special
processing mechanism dedicated to
speech perception: in this view,
categorical perception of speech
sounds is not accomplished by general
mechanisms of audition, but insteadJoseph T. Devlin1
and Jennifer Aydelott2
Recognizing speech is a deceptively
difficult problem, as anyone who has
ever shouted down the phone at
a computerized speech recognition
system will attest. Every consonant
and vowel sound is influenced by the
sounds around it, which affect the raw
acoustic signal — the vibrations in the
air — making it more difficult to isolate
and identify an individual sound. This
phenomenon is called co-articulation,
and it presents a fundamental
challenge to theories of phonetic
categorization. Consider, for example,
the sound of the letter ‘d’: depending
on the context, the sound can have very
different acoustic profiles (Figure 1).
Although listeners identify all of these
disparate acoustic patterns as
members of the same phonetic
category, there is no single acoustic
cue that reliably defines the category
Dispatch
R199in the relationship between speech
perception and the motor system.
Located within the ventral premotor
cortex of the monkey, mirror neurons
fire equally strongly when an animal
either performs an action or observes
another perform the same action [7,8].
This property was reminiscent of
what Liberman had described in the
speech domain and led researchers
to look for mirror neurons for speech.
Two groundbreaking studies
[9,10] combined transcranial
magnetic stimulation (TMS) with
electromyography to measure
activation in motor cortex during
speech perception. Watkins et al. [9]
found increased activity in the mouth
area of primary motor cortex when
participants listened to speech but not
to meaningful non-verbal stimuli (such
as the sound of glass breaking). Fadiga
et al. [10] further observed that when
Italian speakers heard words like
‘‘terra’’ that involve tongue movements,
there was increased activity in tongue
motor cortex relative to hearing words
such as ‘zaffo’, which do not involve
tongue movements. In other words, the
motor activity is specific to the muscles
involved in producing the particular
phonemes.
Similar imaging results showed that
the same regions of motor cortex are
used for both producing and perceiving
meaningless syllables [11], and that
distinct motor circuits corresponding
to the lips and tongue are activated by
the specific phonemes that engage
those articulators [12]. There is an
interesting discrepancy between the
TMS and imaging results, however.
Using rich speech signals — either
sentences or words — the TMS studies
found motor cortex activation. In
contrast, most imaging studies using
sentences or words do not show
activation in motor areas (for example
[13,14]). It was only those studies that
used either minimal speech stimuli
such as single syllables [11,12] or
degraded speech signals such as
sentences embedded in noise [15]
that found motor cortex activation,
suggesting that TMS may provide
a more sensitive measure of motor
cortex involvement than imaging
based on regional cerebral blood flow.
Regardless, these results support the
notion that passive speech perception
engages brain areas involved in
speech production but leave open the
question of whether this activation is
necessary for speech perception.Figure 1. Diagram representing sound spectrograms of the consonant /d/ in different vowel
environments.
Note that the flat portion of each plot represents the vowel sound — the initial /d/ sound
changes considerably depending on the context. (Copyright ª 1967 by the American Psycho-
logical Association. Adapted with permission from [1]. The use of APA information does not
imply endorsement by APA.)theory. None of these studies tested
whether the motor involvement was
specific to categorical perception of
speech sounds and most provided
strong evidence of auditory
involvement, in addition to any motor
contributions. Instead, the results are
consistent with a model that relies on
integrating multiple cues, but suggest
that these need not be limited to
auditory information [3]. It is well
established that visual cues affect
speech perception [18], although the
extent to which visual information
about articulatory gestures represents
a purely sensory cue, or serves to
invoke the motor commands of speech
production, remains controversial
[4,6,19]. Based on the evidence from
neurobiology, it is increasingly clear
that motoric information can also
influence perception, particularly in
challenging listening situations such
as when the speech signal is either
impoverished [11,12], masked [15]
or ambiguous [20]. In these
circumstances, speech production
regions may be recruited to aid speech
comprehension, perhaps using a form
of implicit motor simulation. By this
account, there is considerable overlap
between humans and other species in
the machinery used to decode speech,
but the ability to use articulatory cues
may indeed be unique to humans and
convey an additional advantage over
species that must rely solely on
auditory cues.
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Eukaryotic cells respond to changes
in their environment by generating
intracellular signals. One universal and
highly versatile signal is Ca2+ [1]. A rise
in cytoplasmic Ca2+ is essential for life
because it drives both sperm motility
and subsequent fertilization of the egg.
As the animal develops, Ca2+ can
activate myriad responses, including
neurotransmitter release, contraction,
energy production, and cell growth and
proliferation [1]. There is a Janus-faced
element to Ca2+, however; although
Ca2+ supports life, it can also trigger
cell death through either necrosis or the
more subtly orchestrated programme
of apoptosis [2].
Inherent to the use of a promiscuous
messenger like Ca2+ is the old
chestnut of selectivity: how can a cell
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such ‘private conversations’ within
a cell be achieved? Fresh insight into
these fundamental questions has been
provided in a landmark study by de
Brito and Scorrano published recently
in Nature [3]. These authors have
found that the dynamin-related
protein mitofusin 2 tethers the
endoplasmic reticulum (ER) to
mitochondria. Juxtaposition of the
two organelles provides a privileged
pathway for shuttling Ca2+ between
them in a manner that obviates a more
general, and hence less specific, bulk
cytoplasmic Ca2+ rise. Moreover, their
results provide new molecular insight
into Charcot-Marie-Tooth IIa
syndrome, an inherited motor
neuropathy in which mitofusin 2
is mutated.
Crosstalk between the endoplasmic
reticulum and mitochondria is
a poignant example of local Ca2+
signalling [4]. The release of Ca2+ from
the ER can be induced by the second
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DOI: 10.1016/j.cub.2009.01.005the organelle’s membrane [1]. Ca2+ is
taken up by mitochondria through
a Ca2+-selective uniporter channel in
the inner mitochondrial membrane [4]
and this mitochondrial Ca2+ then
stimulates three rate-limiting enzymes
in the Krebs cycle, resulting in
accelerated ATP production [5].
Mitochondrially derived ATP can
feed back to influence ER Ca2+
dynamics by modulating the Ca2+
release properties of InsP3 receptors
themselves. In addition, ATP is needed
for the ER Ca2+–ATPase to pump
Ca2+ back into the store in order to
replete the ER with Ca2+ [6]. The
mitochondrial uniporter has low
affinity for cytoplasmic Ca2+, with
a KM of around 10–20 mM [7–9].
Pioneering experiments by Rizzuto
and Pozzan using a form of the
bioluminescent Ca2+ sensor aequorin
that was targeted to the mitochondrial
matrix revealed that Ca2+ released
by InsP3 was rapidly taken up by
mitochondria, even though bulk
cytoplasmic Ca2+ increased only
slightly [4,8]. They developed the
important concept of Ca2+
microdomains arising from open
InsP3 receptors that were located
close to the uniporter channels [4,8].
Ca2+ released from InsP3 receptors
on the ER therefore had a privileged
access to the mitochondrial matrix.
Indeed, several independent
morphological studies have revealed
an intimate physical interaction
between mitochondria and ER, with
